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(57) A monolithic microwave integrated circuit 
(MMIC) semiconductor chip, for use with a hybrid cou- 
pler, in a frequency downconverter. The chip has a first 
input lead for receiving a first combined input signal 
from the coupler, a second input lead for receiving a 
second combined input signal from the coupler, and an 
output lead. Each input signal is a microwave signal 
combined with a further frequency signal, and one of 
the microwave and further frequency signals of the first 
combined signal is out of phase with one of the micro- 
wave and further frequency signals of the second com- 



bined signal. A single balanced mixer has a first single 
ended mixer for converting the first combined signal to a 
first intermediate frequency signal and a second single 
ended mixer for converting the second combined signal 
to a second intermediate frequency signal. An amplifier 
is coupled to the first and second mixers for forming an 
amplified unbalanced intermediate frequency (IF) signal 
at the output lead representative of the first and second 
intermediate frequency signals. 
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Description 
Held of the Invention 

The present invention relates to direct broadcast 
satellite receiver systems and more particularly to sin- 
gle balanced frequency downconverters using gallium 
arsenide (GaAs) monolithic microwave integrated cir- 
cuits (MMICs) and hybrid ring signal combiners for low 
noise block (LNB) downconverters. 

BaclcQround of the Invention 

LNB downconverters are widely used with direct 
broadcast satellite (DBS) television receivers for con- 
verting miaowave signals to an intermediate frequency 
surtable for processing by an indoor tuner. The LNB 
downconverter is typically mounted on an antenna or 
satellite dish and enclosed in a weatherproof housing. 
The output is connected to an indoor tuner attached to 
a television or video cassette recorder (VCR). 

The LNB downconverter typically includes a fre- 
quency downconverter mounted on a printed circuit 
board along with support circuitry, additional amplifier 
stages and filters to provide increased amplification and 
reduced front end noise. The frequency downconverter 
typically converts microwave frequencies in the range of 
11 to 12 GHz to an intermediate frequency (IF) in the 
range of 1 ,000 to 2.000 MHz. 

With the rapid development of GaAs MM!C technol- 
ogy, commercial GaAs MMIC frequency downconvert- 
ers have become very feasible for LNB applications. 
This is because GaAs MMICs provide low cost, 
improved reliability, reproducibility, small size, low 
weight, broadband performance, circuit design flexibility 
and multifunctional performance on a single chip. Today, 
several companies are offering competitive devices built 
from GaAs technology to participate in the development 
of the large consumer market for direct broadcast satel- 
lite receivers. However, to remain competitive, manufac- 
turers must come up with ways to reduce cost Reduced 
costs can be achieved by the elimination of circuitry and 
the consequent reduction of the dice area. 

One technique for reducing the input circuitry of the 
GaAs MMIC frequency downconverters. and thereby 
reduce the dice area, is to use gate pumped active field 
effect transistor (FET) mixers. The principal advantages 
of the gate pumped FET mixer over other types of active 
FET mixers is that it can provide lower noise figures and 
higher conversion gain. Based on the low noise per- 
formance of this device, the gate pumped FET mixer in 
conjunction with an IF amplifier chain can achieve com- 
parable gain and noise figure without the RF pre-ampli- 
fiers and image rejection filters typically integrated on 
GaAs MMIC frequency downconverters. 

Despite the above mentioned advantages of the 
gate pumped mixer, a significant drawback is that this 
topology offers no isolation between the microwave and 
local oscillator (LO) signal ports. One way to overcome 



this problem is to design a single balanced gate 
pumped mixer and separate the microwave signal from 
the LO signal with a 180' rat-race hybrid coupler. By 
using a hybrid coupler, 30 dB of isolation at the center 
5 frequency is typically achieved. The disadvantage of 
this approach, however, is that FET balanced mixers 
require a 180** output hybrid, such as a passive IF 
balun. which complicates the circuitry and may Increase 
its size. 

10 Accordingly, there is a current need for a GaAs 
MMIC single balanced frequency downconverter that 
does not require an output hybrid. 



Summary of the Invention 
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An embodiment of the invention is a monolithic 
microwave integrated circuit (MMIC) semiconductor 
chip, containing two active mixers for downconverting a 
microwave signal to a balanced IF signal. The MMIC 
20 chip is for use with a hybrid coupler comprising a fre- 
quency downconverter sub-system. The chip has a first 
input lead which receives from the coupler, an input sig- 
nal comprising a microwave signal combined with a 
Local Oscillator (LO) signal. The combined signal is 
25 applied to the first active mixer and downconverted to a 
first IF output. The second input lead receives a second 
combined signal from the coupler, which is applied to 
the second mixer for downconverting to a second IF out- 
put, wherein either the microwave signal or LO signal is 
30 out of phase with that applied to the input of the first 
mixer. As a consequence, the two IF output signals are 
180 degrees out of phase and said to be balanced. The 
balanced IF signals are amplified and converted to a 
single unbalanced IF signal at the output lead repre- 
ss sentative of the first and second IF signals. 

An embodiment of the invention is also a monolithic 
microwave integrated circuit (MMIC) semiconductor 
chip, for use with a hybrid coupler, in a frequency down- 
converter. The chip has a first input lead for receiving a 
40 first combined input signal from the coupler, a second 
input lead for receiving a second combined input signal 
from the coupler, and an output lead. Each input signal 
is a microwave signal combined with a further frequency 
signal, and one of the microwave arKi further frequency 
45 Signals of the first combined signal is out of phase with 
one of the microwave and further frequency signals of 
the second combined signal. A single balanced mixer 
has a first single ended mixer for converting the first 
combined signal to a first intermediate frequency signal 
50 and a second single ended mixer for converting the sec- 
ond combined signal to a second intermediate fre- 
quency signal. An amplifier is coupled to the first and 
second mixers for forming an amplified unbalanced 
intermediate frequency (IF) signal at the output lead 
55 representative of the first and second intermediate fre- 
quency signals. 

In one embodiment the LO signal in the first com- 
bined signal to the first mixer has substantially the same 
phase and amplitude as the LO signal in the second 
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combined signal to the second mixer. 

Also in one embodiment the semiconductor chip 
indudes a first low pass filter between the output of the 
first mixer and the IF amplifier for removing the micro- 
wave signal and the LO signal from the first intermedi- 
ate frequency signal, and a second low pass filter 
between the output of the second mixer and the IF 
amplifier for removing the microwave signal and LO sig- 
nal from the second intermediate frequency signal. 

Preferably each IF of the first and second active 
mixers is a gallium arsenide (GaAs) field effect transis- 
tor (FET). 

Also preferably, each GaAs FET is biased substan- 
tially at pinch off. 

Further, each GaAs FET is preferably an enhance- 
ment mode FET. 

Preferably the IF amplifier has one differential to 
single-ended amplifier producing from the first and sec- 
ond intermediate frequency signals the unbalanced 
intermediate frequency signal. 

Preferably a passive hybrid coupler provides the 
first and second combined signals to the MMIC chip. 

Preferably a rat-race hybrid coupler provides the 
first and secord combined signals to the mixers. The rat 
race is preferably folded to allow connections to the chip 
to be made so as to reduce crossover interference and 
the risk of circuit instability. 

An attractive feature of an embodiment of the 
present invention is that the GaAs dice area may be 
reduced by over 50% compared to conventional GaAs 
MMlCs by eliminating the RF preamplifier and image 
rejection filter from the semiconductor chip. Since dice 
area is the main cost driver for this product it provides a 
significant advantage. 

Another attractive feature of an embodiment of the 
invention is that the balanced microwave and IF signals 
provide virtual electrical ground points on the surface of 
the dice. This makes the performance of the device rel- 
atively insensitive to the parasitic ground inductance 
typically encountered in low cost surface mourrt plastic 
packages. In addition, only the active mixer operates at 
the microwave frequency and it is therefore possible to 
assemble this device into a low cost surface mourrt plas- 
tic package and achieve acceptable levels of perform- 
ance. This advantage also reduces the cost of this 
product 

Also, reduced power consumption can be achieved 
over conventional GaAs MMIC devices as the gate 
punnped active FET mixer can be biased near pinch off 
and requires minimal DC current. This coupled with the 
removal of the RF preamplifier allows the present inven- 
tion to operate with less than one half of the DC bias 
current required by conventional MMIC topologies. 

Moreover, by eliminating the RF preamplifier and 
the image rejection filter, increased bandwidth can be 
achieved. Only the input match to the active mixers 
must meet the bandwidth requirement- This is accom- 
plished with simple matching circuitry that is well known 
in the art. Additionally, if the matching circuitry is exter- 



nal to the GaAs MMIC dice, the single balanced fre- 
quency downconverter can be operated at many 
different frequency bands, e.g. X-band. C-band, S- 
band, etc. In practice, two times the microwave signal 
5 bandwidth of conventiorial Gabs MMICs can be 
achieved. 

An embodiment of the invention is also a hybrid ring 
signal combiner which has a ring conductor with a con- 
vex shaped portion and a concave shaped portion. First 

10 artd second input leads are connected, respectively, to 
the convex portion and the concave portion, and first 
and second output leads are connected to the concave 
portion on an outer periphery of the ring. Each of the 
first and second input leads receives a different one of a 

15 high frequency signal and a low frequency signal. The 
first and second input and output leads are connected at 
spaced apart positions to and along the ring so that first 
and second signals are formed at the first and second 
output leads, respectively, with each of the first and sec- 

20 ond signals having a combination of the microwave amd 
further frequency signals but with at least one of the 
microwave and further frequency signals of the first 
combined signal being out of phase with the same fre- 
quency signal of the other of the first and second com- 

25 bined signals. The convex portion avoids the need to 
place the chip inside the ring and pass the amplified IF 
signal from the chip over the ring, where undesired sig- 
nal coupling may occur. It also allows the chip to be 
placed outside but close to the ring so that the leads 

30 connecting the ring to the chip can be made as short as 
possible. 

Preferably the chip and hybrid ring signal combiner 
are mounted on a substrate such as a printed circuit 
board. 

35 

Brief Description of the Drawings 

These and other features, aspects, and advantages 
of the present invention will become better understood 
40 with regard to the following description, appended 
claims, and accompanying drawings wherein: 

FIG. 1 is a functional block diagram of an LNB, in 
accordance with an embodiment of the invention; 

45 

FIG. 2 is an illustration of a single balanced fre- 
quency downconverter with a conventional rat-race 
hybrid coupler, in accordance with an embodiment 
of the invention; 

50 

FIG. 3 is an illustration of a single balanced fre- 
quency downconverter with a folded rat-race hybrid 
coupler, in accordance with an embodiment of the 
invention; 

55 

FIG. 4 is a detailed electrical schematic of a GaAs 
MMIC, in accordance with an embodiment of the 
invention; and 
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FtQ. 5 is a cut-away top view of the GaAs MMIC in 
a surface mount plastic package. 

Detailed Description 

5 

FIG. 1 depicts a functional block diagram of an LNB 
downconverter 10 for use in a DBS receiver system. 
The LNB downconverter 10 con verts microwave signals 
to an intermeaiate frequency suitable for processing by 
an i ndoor tu ner. Typically, the LNB downconverter 10 io 
receives microwave~sTgnals^ inlfie rang e of i i to 1 2 GHz 
fiSm an "antenna 67 satellite dish "(riot s 
toff arid dowriconverite these signals to an intermediate 
frequency (IF) at output port or lead 10b (also 23c) in 
the range of 1 .000 to 2.000 MHz. is 

Two cascaded high electron mobility transistor 
(HEMT) based low noise amplifiers 12. 13 are posi- 
tioned at the front end of the LNB downconverter 10 for 
receiving the microwave signal. These stages amplify 
the incoming signal and determine the signal-to-noise 20 
sensitivity of the receiver. The output of the low noise 
amplifier is fed to an image rejection filter 15 where 
image noise is rejected. The output of the image rejec- 
tion filter 15, a microwave signal, is applied to input port 
or lead 14a of a hybrid coupler 14 where it is combined 25 
with further frequency signal commonly known as a 
local oscillator (LO) signal from oscillator 16. The LO 
signal is applied and received on input port or lead 14b. 
The hytDTid coupler 1 4 splits and combines the incoming 
microwave and LO signals between two coupler output 30 
ports or leads 14c and 14d. Output ports or leads 14c 
and 1 4d are input to ports or leads 23a and 23b, respec- 
tively, of GaAs monolithic integrated circuit (MMIC) 23. 
A signal incident at hybrid coupler input port 14b will 
produce two equal amplitude in-phase components at 35 
two output ports 14c and 14d. A signal incident at the 
other input port 14a will produce two equal amplitude 
anti-phasal (or 180* out of phase) components at the 
two output ports 14c and 14d. It will be understood by 
one having ordinary skill in the art that it is also possible 40 
to operate the single balanced frequency downcon- 
verter with the opposite configuration, that is, with the 
microwave signal applied at the port which produces 
two in-phase components at the output ports and with 
the LO signal applied at the input port which produces 45 
two out of phase components at the output ports. Fur- 
thermore, it wilt be understood by one having ordinary 
skill in the art that the single balanced downconverter 
can also operate with a 90"* phase shift hybrid coupler In 
place of the 180** phase shift hybrid coupler. so 

The hybrid coupler 14 Is preferably a rat-race ring 
type coupler of the type to be disclosed which provides 
enhanced characteristics as will be discussed. How- 
ever, other passive hybrid couplers may be used with 
the MMIC 23. Passive microwave hybrid couplers are ss 
microwave hybrids that use inactive circuit elements, 
such as resistors, inductors and capacitors, and are 
four-port devices having a special set of characteristics 
that can be defined as follows: (1) all ports are matched 



(In the sense that Snn = 0 at each port. This is not nec- 
essarily a conjugate match to the source.). (2) RF power 
applied to any one port is split equally between two of 
the other ports, and (3) the remaining port is isolated 
(i;e., no output is obtained from it). In a 180-deg hybrid 
the output voltages differ in phase by 0 deg or 180 deg, 
depending on which port is excited. In a 90-deg hytjrid. 
the phases differ by 90 deg at the two outputs, regard- 
less of which port Is excited. Discussions of and exam- 
ples of hybrid couplers are contained at pp.238-255, 
section 7.1.2 of "Hybrid Couplers of Microwave Mixers". 
Second Edition, Stephen A. Mass. copyright 1993, 
Artech House. Inc.. Norwood, MA. 

The transformer type hybrid coupler would be a 
good choice for applications where the input frequen- 
cies are below approximately 2000 MHz. This coupler is 
relatively compact, has low loss, arid is inexpensive. 
Above this frequency, however, the performance 
degrades rapidly. 

For input frequencies much hioher tha n ]2 Ghz, i t is 
desirable to Include the hybrid coupler on the GaAs 
MMIC substrate because it is physically very small and 
there are no parasitics in connecting the hybrid to the 
active mixers. The monolithic hybrid could be realized in 
lumped element form with inductors and capacitors, or 
use other common couplers such as branchline, rat- 
race, OL-Lange. Implementation of the retrace hybrid on 
a GaAs substrate, because the physical size, is still pro- 
hibitively expensive at 12 GHZ. 

Referring to MMIC 23 of FIG. 1 . inpedance match- 
ing circuits 24 and 26 are connected to input ports or 
leads 23a and 23b. respectively, matching the input of 
gate pumped active FET mixers 28 and 30 to their 
respective source impedance of the hybrid coupler 14. 
The impedance matching circuits ensure that maximum 
power is transferred from the output of the hybrid cou- 
pler to the input of the FET mixers. The FET mixers 28 
and 30 produce a spectrum of output frequencies 
including that of the microwave signals and of the LO 
signal, their sum and difference frequencies and har- 
monics thereof. Low pass filters 32 and 34 are con- 
nected to the output of FET mixers 28 and 30, 
respectively, for selecting the intermediate frequency 
signal, which is the difference frequency signal, and 
blocking the remaining frequency signals from an IF 
path through the MMIC 23. The low pass filters 32 and 
34 provide a balanced intermediate frequency signal 
consisting of two anti-phasal IF signals to an amplifier 
36, and amplifier 36 converts the balanced frequency 
signal into an unbalanced intermediate frequency signal 
at output port or lead 23c. 

The amplifier 36 may be implemented by methods 
well known in the art. to optimize gain and noise figure 
performance while maintaining low dice area and com- 
plexity. Preferably, a cascaded circuit having two differ- 
ential amplifier stages 38 and 40 feeding a differential to 
single-ended converter 42 is provided. 

The unbalanced intermediate frequency output of 
the differential amplifier 36 (Including amplifiers 38, 40 
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and 42) is coupled to IF amplifier 44 (including amplifi- 
ers 46 and 48) where it is further amplified. Amplifier 42 
converts the two balanced intermediate frequency sig- 
nals from mixers 32 and 34, and amplified by amplifiers 
38 and 40, to an unbalanced signal for single-ended 
amplifiers 46 and 48, The amplified unbalanced inter- 
mediate frequency signal from amplifier 48 at output 
port 23c. is fed to an indoor tuner (not shown) for further 
processing. 

FIG. 2 shows a 180** hybrid coupler 14\ known in 
the art as a rat race. The rat race is a circular ring 3/2 
wavelengths in circumference having four ports 14*a. 
14U 14'c and 14*d. The same reference numerals are 
used for corresponding components of the coupler of 
FIG. 1 and the rat-race coupler of FIG. 2. with the addi- 
tion of a prime (*) for the rat race of FIG. 2. This configu- 
ration performs the required splitting and confining of 
the incoming microwave and LO signals and achieves 
excellent isolation between the two incoming signals. 
Isolation is important to minimize leakage of the LO sig- 
nal out of the LNB antenna through the microwave sig- 
nal path. It is achieved In the following manner: A LO 
signal fed into the LO input port 14'a splits equally into 
two paths consisting of a first path 53 in the counter- 
clockwise direction and a second path 55 in the dock- 
wise direction. The distance the signal must travel along 
the first path 53 to reach the microwave input port 14^ 
is 1 wavelength at the LO frequency. The distance the 
signal must travel along the second path 55 to reach the 
microwave input port 14'b is 1/2 wavelength at tfie LO 
frequency. Consequently, the two LO signals arrive at 
the microwave input port 14'b 180** out of phase and 
therefore cancel. The LO signal at ports 14*c and 14'd 
are equal in amplitude and in phase. The microwave 
signal at port 14'b is similarly split into two equal ampli- 
tude signals at ports 14'c and 14'd and 180* out of 
phase. The GaAs MM 10 23 downconverts the micro- 
wave signal to an unbalanced intermediate frequency 
and outputs it through a lead including port 23c and 
coupler 62 for processing by the indoor tuner (not 
shown). If the GaAs MMIC 23 is mounted inside the rat- 
race ring, the IF output signal at port 23c needs to cross 
over the rat-race ring at some point along portion 64 of 
the rat-race ring. The crossover produces coupling 
between the signals at port 23c and the rat-race ring 
and causes feedback between the input and output 
ports of the GaAs MMIC 23. If the gain of the GaAs 
MMIC is high, there is a strong possibility of undesired 
oscillations. Alternatively, installation of the GaAs MMIC 
outside the rat race 14' may avoid the feedback prob- 
lem, but it enlarges the layout and presents complex lay- 
out problems. 

A novel solution entails folding the rat race to allow 
repositioning of the chip relative to the rat-race and 
reconnection of the connecting leads to allow complete 
isolation of the output port 23c from the rat race and 
thereby eliminate the feedback loops. 

This approach is illustrated in FIG. 3. The same ref- 
erence numerals are used in FIGS. 2 and 3 to identify 
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corresponding conrtponents but double primes are used 
to identify the corresponding parts of FIG. 3. Here, a 1/2 
wavelength section 14*1 of circular ring 14'* is folded 
back to form two arc portions, a concave arc portion 

5 1 4"f of 1 /2 wavelength which opposes a convex arc por- 
tion 14"e of 1 wavelength. LO input at the lead 75 
including a coupler 67 and port 14'b. is routed over the 
1 wavelength arc portion 1 4"e and is connected to the 
concave arc portion 14"f at its point of symmetry. The 

10 crossover 67 of the LO leading from conductor 75 can 
be accomplished with a metal ribbon, however, it is pref- 
erable to use a chip capacitor relative to arc portion 
14"e to provide a DC current block. The microwave sig- 
nal from the image rejection filter 15 is fed to the convex 

15 arc portion 14"e, 1/4 wavelength from junction 68 in the 
concave arc portion 14"f. Balanced outputs are pro- 
vided at junctions 68 and 70 where they are provided on 
leads including ports 14"c and 14"d leading to the GaAs 
MMIC 23. Rat race 1 4" is formed on a substrate such as 

20 circuit board 80. The chip 23 is mounted on the circuit 
board closely adjacent to the folded, convex arc portion 
14'*f to conserve space and minimize leads 14*'c and 
U"d. 

The folded rat race does not alter any of tiie proper- 
25 ties of the conventional circular ring shaped rat race and 
therefore will provide combined microwave and LO sig- 
nals with tiie power divided equally between the two 
output ports. Additionally, tiie folded rat race will main- 
tain excellent isolation between the LO and microwave 
30 signal. 

The folding of the rat race introduces parasitic 
capacitance resulting from the abrupt bending of two 
ring lines at the junctions 68 and 70. This parasitic 
capacitance may be compensated for by adjusting the 

35 length of the leads of ports 14"c and I4"d connecting 
the rat race to the GaAs MMIC 23. In addition, the junc- 
tion created by the fold-over reduces the total electrical 
length of tiie coupler and therefore must be compen- 
sated for by increasing the length dimensions of the 

40 arcs 14"eand 14"f. 

Turning to FIG. 4, a detailed electrical schematic of 
tiie GaAs MMIC 23 is provided. Impedance matching, 
circuits 24 and 26 are provided at the input to the GaAs 
MMIC 23 for matching tiie gate pumped active FET mix- 

45 ers 96 and 98 to their respective source impedance of 
tiie hybrid coupler. The impedance matching circuits 
may be implemented by methods well known in the art, 
however, in the preferred embodiment, an inductive T- 
network is placed at the input to each FET mixer. Series 

so inductors 80 and 84 and shunt inductor 82 form an 
impedance matching circuit for FET mixer 96. Similarly, 
series inductors 90 and 94 and shunt inductor 92 form 
an impedance matching network for FET mixer 98. The 
advantage of this approach is that inductors may be 

55 realized rather simply at the microwave and LO frequen- 
cies with mere bonding wires. 

Refemng to FIG. 5, the inductive T-network is 
implemented external to dice 88 of GaAs MMIC 23 by 
using the inductance of input lead 23b in conjunction 
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with a series inductance created with bonded wire 84 
from chip 88 and a shunt inductance created with 
bonded wire 82 from input lead 23b to microwave 
ground plane and lead 23e. An identical circuit is imple- 
mented with leads 23a, 92. and 94 for the second input 
matching circuit By positioning the inductive T-networks 
external to the dice 88. the MMIC 23 can be tuned for 
broadband applications. 

Referring back to FIG. 4. single balanced mixer 
formed by single ended mixers 28 and 30 formed from 
active GaAs FET 96 and 98 mixers configured as gate 
or gate pumped mixers. Each mixer consists of a com- 
mon sourc e FET whi ch is biased near pinch off to take 
advantage^of the nonlinear characteristics of the FET 
Preferably an enhancement mode GaAs FET Is used to 
provide pinched off operation with a O volt DC bias 
applied to the gate. This can be accomplished with 
shunt inductors 82 and 92 of the impedance matching 
circuits 24 and 26 respectively and thereby reduce the 
need for additional gate bias circuitry. The primary 
advantage of using a gate pumped active GaAs FET 
mixer is that low noise figure and high conversion gain 
can be achieved with a rather small chip area and there- 
fore negates the necessity to have a front end RF 
preamplifier and image rejection filter in the GaAs MMIC 
23. 

With the gate pumped active GaAs FET mixers 
biased near pinch off, the combined LO and microwave 
signals are applied to the gate inputs of FET mixers 28 
and 30. A spectrum of frequencies based upon the sum 
and difference of the microwave signal and the LO sig- 
nal and their harmonics is produced at the drain of each 
FET mixer. 

Low pass filters 32 and 34 are connected to the 
drain of FET mixers 96 and 98 respectively. Each low 
pass filter is implemented with a series inductor 100 
and 102 respectively, and a shunt capacitor. 104 and 
106 respectively. The low pass filters are used to reject 
the microwave and LO signal components and pass the 
intermediate frequency, i.e. the difference frequency 
For best performance, the filter components should be 
designed to present a short circuit to signals at the LO 
and microwave frequencies. 

The two outputs of the low pass filters provide a bal- 
anced IF output comprising an lF signal and an inverted 
IF signal. The balanced IF output drives an amplifier 36 
for amplifying and converting the balanced IF output to 
an unbalanced IF signal. Preferably the amplifier 36 
includes two differential amplifiers stages 38 and 40 and 
a differential to single-ended amplifier 42 in a cascaded 
circuit. The first stage differential amplifier 38 includes a 
common source depletion mode FET. 108 and 110, at 
each input. The gate of each FET is biased at ground 
through resistors 1 1 2 and 1 1 4 respectively The sources 
are tied together and then tied to ground through a 
source resistor 116 providing a self-biasing network for 
both FET amplifiers. The self-biasing network results in 
a positive DC voltage at the source tie point sufficient to 
maintain a relative to the voltage on the source terminal 
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negative bias of the gates of FETs 108 and 1 10 for opti- 
mum GaAs FET performance. The advantage of con- 
necting the differential input in this symmetrical 
configuration is that a virtual ground is created at the 
5 source tie point of the two FETs which makes grounding 
parasitics much less harmful. Load resistors 118 and 
124 connected between the power supply and the 
drains of FETs 108 and 1 10 respectively set the drain 
bias. In addition, each FET is provided with a feedback 
10 circuit to enhance the frequency response of the FET 
and to improve the input VSWR. FET 108 is provided 
with a feedback circuit comprising series capacitor 120 
and resistor 122. FET 110 is provided with a feedtack 
circuit comprising series capacitor 1 26 and resistor 1 28. 
15 The balanced IF signals are applied to the gates of 
FETs 108 and 110 through DC bloddng capacitors 130 
and 1 32 respectively The amplified balanced IF signals 
are output from the drains of the FETs and applied to a 
second stage differential amplifier 40 having the sub- 
20 stantially identical circuitry as the first stage described 
above with the exception that the resistor and capacitor 
feedback circuit is not included. 

The output of the second stage differential amplifier 
40 is fed to- a differential to single-ended amplifier 42. 
25 This amplifier consists of a common source FET 134 
and a common drain FET 136. Similarly to the differen- 
tial amplifier 38 described above, the self-biasing resis- 
tor 138 results in a DC voltage at the source sufficient to 
maintain a negative bias of the gate of FET 134 relative 
30 to the voltage on the source terminal with the gate 
biased at OV through resistor 140. Capacitor 139 pro- 
vides a short circuit to ground at the IF frequency A volt- 
age divider network comprising resistors 142 and 144 
provides gate biasing for FET 136 for establishing a DC 
35 bias voltage at the gate. 

The IF signal from the second differential amplifier 
stage 40 is applied to the gate of FET 136 through DC 
blocking capacitor 146. The output of the common drain 
FET 136 results in an amplified IF signal at the source. 
40 The inverted IF signal from the , second differential 
amplifier stage 40 is applied to the gate of FET 134 
through DC blocking capacitor 148. The output of the 
common source FET 1 34 results in a 1 80** phase shift of 
the inverted IF signal at the drain of FET 134 and there- 
45 fore adds in phase with the IF signal at the source of 
FET 136 to produce an unbalanced IF signal. 

The unbalanced IF signal may be applied to addi- 
tional amplifier stages comprising IF amplifier stages 46 
and 48. The first stage IF amplifier is comprised of FET 
50 150 configured as a common source FET. FET 150 is 
provided with a DC blocking capacitor 154. The gate is 
biased at OV through gate bias resistor 158 and the 
source voltage is set appropriately through self-biasing 
source resistor 162. Capacitor 163 provides a short cir- 
55 cuit to ground at the IF frequency Load resistor 164 
connected between the power supply and the drain of 
FET 1 50 sets the drain bias. A second stage IF amplifier 
48 configured identical to the first stage 46. and there- 
fore is not described again, is optionally included for 
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actditiona] gain of the unbalanced IF signal. 

Turning to fIg. 5. the MMIC 23 is fabricated from 
GaAs on dice 88 and assembled Into a single plastic 
covered package (not shown). All of the circuit elements 
shown In FIG. 4 except for the input matching circuits 24 
and 26 are formed on the dice 88 of chip 23 using con- 
ventional GaAs fabrication technology and techniques. 
Dice 88 is mounted on a ground plane provided by port 
or lead 23e. Leads 23a and 23b receive the combined 
balanced microwave and LO signals. Port or lead 23f 
receives the power supply input VDO. port or lead 23e Is 
connected to the RF or microwave ground GNO. Port or 
lead 23d is connected to IF ground GND. Port or lead 
23c is the IF output. Separate IF ground 23d for amplifi- 
ers 36 and 44 and microwave ground 23e for circuits 24. 
26, 28, 30. 32. and 34 are provided on the MMIC to min- 
imize ground loops. 

It Is apparent from the foregoing that the present 
invention satisfies an immediate need for a low cost 
GaAs MMIC single balanced frequency downconverter 
for use in a LNB downcorwerter. The present invention 
provides low noise and high gain without the need for an 
RF preamplifier and image rejection filter at the input of 
the MMIC. The invention further provides a balanced 
system which can produce an intermediate frequency 
signal suitable for processing by an indoor tuner without 
the need for an IF hybrid coupler or balun. This single 
balanced frequency downconverter may be embodied 
in other specific forms and used with a variety of com- 
munication devices without departing from the spirit or 
essential attributes of the present Invention. It is there- 
fore desired that the present embodiment be consid- 
ered in all respects as illustrative and not restrictive, 
reference being made to the appended claims rather 
than the foregoing description to indicate the scope of 
the invention. 

Claims 

1. A monolithic miaowave integrated circuit (MMIC) 
semiconductor chip, for use with a hybrid coupler. In 
a frequency downconverter, comprising: 

a first input lead (23a) for receiving a first com- 
bined input signal from such coupler, a second 
input lead (23b) for receiving a second com- 
bined Input signal from such coupler, and an 
output port (23c). each said input signal com- 
prising a microwave frequency signal com- 
bined with a further frequency signal, one of 
the microwave and further frequency signals of 
the first comtjined signal being out of phase 
with one of the microwave and further fre- 
quency signals of the second combined signal; 
a single balanced mixer comprising 

a first single ended mixer (28) for convert- 
ing the first combined signal to a first inter- 
mediate frequency signal and 



a second single ended mixer (30) for con- 
verting the second combined signal to a 
second Intermediate frequency signal; and 

5 an amplifier (36. 44) coupled to ttie first and 

second mixers for forming an amplified unbal- 
anced Intermediate frequency signal at the out- 
put lead representative of said first and second 
intermediate frequency signals. 

10 

2. The MMIC of claim 1 . wherein the further frequency 
signal in the first combined signal to the first mixer 
has substantially the same phase and amplitude as 
the further frequency signal in the second com- 

15 bined signal to the second mixer. 

3. The MMIC of claim 1 or 2, wherein the semiconduc- 
tor chip further comprises a first low pass filter (32) 
between the output of the first mixer and the ampli- 

20 tier for removing said microwave frequency signal 
and the further frequency signal from said first inter- 
mediate frequency signal, and a second tow pass 
filter (34) between the output of the second mixer 
and the amplifier for removing tiie microwave fre- 

25 quency signal and the further frequency signal from 
the second intermediate frequency signal. 

4. The MMIC of claim 1 , 2 or 3, wherein said first and 
second active mixers each comprise a gallium 

30 arsenide (GaAs) field effect transistor (FET). 

5. The MMIC of claim 4, wherein each said GaAs FET 
is biased substantially at pinch off. 

- 35 6. The MMIC of daim 4 or 5 wherein each said GaAs 
FET Is an enhancement mode FET 

7. The MMIC of claim 4, 5 or 6 wherein said semicon- 
ductor chip comprises a power lead (230 fo*" receiv- 

40 ing power and a ground lead (23e) for connection to 
a ground, each said FET being coupled for receiv- 
ing power between said power and ground leads. 

8. The MMIC of any preceding claim, wherein the 
45 amplifier comprises a differential to single-ended 

amplifier for corrverting the first and second inter- 
mediate frequency signals to the unbalanced inter- 
mediate frequency signal. 

so 9. The MMIC of any preceding claim, wherein said 
amplifier comprises, connected in a cascade circuit, 
at least one differential amplifier (38, 40) having a 
differential output, and a differential to single-ended 
amplifier (42) for receiving said differential output 

55 and producing therefrom said unbalanced interme- 
diate frequency signal. 

10. The MMIC of claim 9, wherein said amplifier furtiier 
comprises at last one intermediate frequency 
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14 



amplifier (46. 48) connected in the cascade circuit 
for amplifying the unbalanced intermediate fre- 
quency signal. 

11. A hybrid ring signal combiner conprising: s 

a ring conductor (14") comprising a convex 
shaped portion (14**e) and a concave shaped 
portion (14"f). first and second input leads 
(14"a. 14"b) connected, respectively, to the io 
convex portion and the concave portion, and 
first and second output ports (14"c and 14"d), 
connected to the concave portion on an outer 
periphery of the ring, each of the first and sec- 
ond input leads receiving a different one of a is 
miaowave frequency signal and a further fre- 
quency signal, the first and second input leads 
(14"a, 14**b) being connected at spaced apart 
positions to and along the ring so that first and 
second combined signals are formed at the first 20 
and second output leads, respectively, with 
each of the first and second combined signals 
comprising a combination of the microwave 
and further frequency signals but with at least 
one of the microwave and further frequency 2S 
signals of the first signal being out of phase 
with the same frequency signal of the other of 
said first and second combined signals. 

12- The hybrid of claim 11. wherein the first input lead 30 
(14*'a) is connected to the outer periphery of the 
convex portion (I4"e) and the second input lead 
(14"b) Is connected to the inner periphery of the 
concave portion (14"f) and passes over the convex 
portion. 3S 

1 3. A circuit for use in a frequency downcortverter com- 
prising: 

a passive hybrid coupler (14**) comprising first 40 
(14a") and second (14b'*) input leads each for 
receiving a different one of a microwave signal 
and a further frequency signal, and first (14"c) 
and second I4"d output leads for receiving, 
respectively, first and second combined signals 45 
with each of the first and second combined sig- 
nals conrprising a combination of the micro- 
wave and further frequency signals but with at 
least one of the microwave and further fre- 
quency signals of one of the microwave and so 
further signals being out of phase with the 
same at least one microwave and further fre- 
quency signal of the other of the first and sec- 
ond combined signals; and 
a monolithic microwave integrated circuit semi- ss 
conductor chip (23) comprising 

a first input port (23a) for receiving the first 
combined signal, a second input port (23b) 



for receiving the second combined signal, 

and an output port (23c). 

a single balanced mixer comprising 

a first single ended mixer (28) for con- 
verting the first combined signal to a 
first intermediate frequency signal and 
a second single ended mixer (30) for 
converting the second combined sig- 
nal to a second Intermediate fre- 
quency signal, and 

an amplifier (36. 44) for forming an 
amplified uribalanced intermediate 
frequency signal at the output port 
(23c) representative of said first and 
second intermediate frequency sig- 
nals. 

14. The circuit or frequency downconverter of daim 13 
wherein tine combiner (14") and the chip (23) are 
mounted on a common substrate (80) and the chip 
is located adjacent the outer perimeter of the cou- 
pler. 

15. The circuit or frequency downconverter of claim 13 
or 14, wherein the hybrid coupler comprises: 

a hybrid ring signal combiner (14") comprising 
a ring conductor, the ring conductor comprising 
a convex shaped portion (14"e) and a concave 
shaped portion (14"f), first and second input 
leads (14"a. 14'l3) connected, respectively, to 
the convex portion and tiie concave portion, 
and first and second output leads (I4"c, 14"d) 
connected to the concave portion on an outer 
periphery of \he ring, each of the first and sec- 
ond input leads receiving a different one of the 
microwave signal and a further frequency sig- 
nal, the first and second Input and output leads 
each being connected at spaced apart posi- 
tions to and along the ring so that first and sec- 
ond combined signals are formed at the first 
and second output leads, respectively, witii 
each of tiie first and second combined signals 
comprising a combination of the microwave 
and further frequency signals but with at least 
one of the microwave and furtiier frequency 
signals of one of the first and second combined 
signals being out of phase witii the same at 
least one of the microwave and furtiier fre- 
quency signals of the other of the first and sec- 
ond combined signals. 
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(54) Single balanced frequency downconverter 
hybrid ring signal combiner 

(57) A monolithic microwave integrated circuit 
(MMIC) semiconductor chip, for use with a hybrid cou- 
pler, in a frequency downconverter. The chip has a first 
input lead for receiving a first combined input signal 
from the coupler, a second input lead for receiving a 
second combined input signal from the coupler, and an 
output lead. Each input signal is a microwave signal 
combined with a further frequency signal, and one of 
the microwave and further frequency signals of the first 
combined signal is out of phase with one of the micro- 
wave and further frequency signals of the second com- 
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bined signal. A single balanced mixer has a first single 
ended mixer for converting the first combined signal to a 
first intermediate frequency signal and a second single 
ended mixer for converting the second combined signal 
to a second intermediate frequency signal. An anplifier 
is coupled to the first and second mixers for forming an 
amplified unbalanced intermediate frequency (IF) signal 
at the output lead representative of the first and second 
intermediate frequency signals. 
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